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Abstract 
    PPO (polyphenol oxidase)  is a plastid, nuclear-encoded enzyme widely distributed in the plants species. In green plants the 
PPO genes involved in pigment formation. PPO is one of the main enzymes involved in biosynthesis of betalain pigments. 
Celosia is a member of Amaranthaceae that produces betalain pigment (red-violet betacyanins and yellow-orange betaxanthins). 
Various colour of Celosia inflorescences/flowers in East Java led to the idea to investigate the genetic diversity based on PPO 
genes. By using PCR-RFLP methods the DNA sequences all Celosia variants showed high genetic diversity. Phylogeny analysis 
classified the variants into two clusters based on latitude. 
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Nomenclature 
 
   
PPO 
kDa 
CTAB 
nm 
DNA 
h 
asl 
 
polyphenol oxidase 
kilo Dalton 
cetyl trimethylammonium bromide 
nanometer 
deoxyribose nucleic acid 
hour 
above sea-level 
min 
PL 
m 
bp 
rpm 
minute 
microliter 
meter 
base pair 
revolutions per minute.   
1 hertz is equal to 60 rpm 
 
 
1. Introduction 
Celosia is a perennial herb belonging to the Amaranthaceae family whose common name is cockscomb or 
feathered amaranth. It originates from tropical and subtropical regions. The wild form is C. argentea and cultivars 
are divided into C. cristata and C. plumosa. Each of them represents three main groups of Celosia based on the 
flower head form. The wild species, C. argentea, has cylindrical pink or rose flower heads with longer bloom stalk 
(spicata group). Celosia plumosa has feathery plume like flower heads. Celosia cristata (cristata/crested group) has 
crested tightly clustered flowers that form into a wide cockscomb. These groups are fascinating, a mutation where 
the stem on the inflorescence expands into a fan shape, resembling a cauliflower heads or cockscomb1. Celosia 
cristata and C. plumosa are planted mainly for ornamental purposes. In Indonesia, there are many Celosia variants 
which have various forms and colourful flowers. The pigment content in Celosia flower is betalains rather than 
anthocyanins. Betalains consist of red betacyanin and yellow betaxanthin. In higher plants these pigments are only 
produced by some members of Caryophyllales order including Celosia. 
Some biosynthetic steps involved in betalain biosynthesis are enzymatic reactions while the intermediate steps 
are assumed to proceed spontaneously2. Tyrosine is a precursor to betalain biosynthetic pathway which involves two 
main enzymes, tyrosinase or polyphenol oxidase (PPO). In the early steps the reactions are catalyzed by bifunctional 
tyrosinase. Tyrosinase or polyphenol oxidase (PPO) is a copper-containing PPO-type enzyme that catalyzes two 
different reactions using molecular oxygen: (i) the hydroxylation of monophenols to o-diphenols (monophenolase 
activity) and (ii) the oxidation of the o-diphenols to o-quinones (diphenolase activity)3–5. Consequently, tyrosinase is 
assumed to have particular role in accumulation of betacyanin and betaxanthin. 
PPO activity is not controlled by a single gene but by multiple genes expressed in different tissues6. A tyrosinase 
involved in betalain biosynthesis has been described from common Portulaca (Portulaca grandiflora) and red beet 
(Beta vulgaris subsp. vulgaris)7,8. The involvement of tyrosinase activity in betalain biosynthesis is also indicated by 
detection of PPO transcripts correlating with betacyanin accumulation in Phytolacca americana fruits9. The 
structural unit of the violet betacyanins, betanidin is reported as a substrate for PPO2. A betalain-specific tyrosinase 
has been partially purified from P. grandiflora by hydroxyapatite chromatography and gel filtration10. The enzyme 
appeared to be a monomer with an apparent molecular mass 53 kDa. 
Until now, the genetic background of Celosia is little known. Therefore, it is important to investigate the 
diversity of PPO genes in some variants of Celosia which have various flower colours. The study of their differences 
at the molecular level is necessary to know the phylogenetic relationship, to conserve these phytogenetic resources 
and establish breeding programs. This study focused on genetic diversity in Celosia variants especially plumose and 
cockscomb types of C. cristata collected from some locations in East Java based on PPO genes. 
2. Material and methods 
2.1 Plant collection 
Celosia plants were collected from locations in East Java, e.g. Banyuwangi, Kediri, Batu-Malang, and Malang 
city. Elevation, latitude and longitude of each location were measured by GPS. In each location Celosia was 
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collected from wild and/or cultivated plants. Young leaves, flowers and/or seeds were taken from each plant for 
molecular analysis and betalain pigments quantification by spectrophotometer. Each plant part was placed in 
different zip-lock plastic bags in ice box/freezer until laboratory analysis. 
 
2.2 Isolation of genomic DNA 
Total DNA was isolated from 0.1 g of fresh leaf material using the CTAB protocol1. Genomic DNA obtained 
was dissolved in Tris HCl-EDTA buffer (TE) sterile and stored at -20 °C until used. The concentration of the 
isolated DNA was determined by spectrophotometry. Four PL solutions of DNA were added into the cuvette which 
had contained 996 mL TE buffer. The mixed solution was homogenized, and absorbance was measured at a 
wavelength of 230 nm, 260 nm, and 280 nm. DNA concentration was calculated by determining the ratio 
ofA230/A260 and A260/A280. 
 
 
2.3 Polymerase chain reaction – restriction fragment length polymorphism (PCR-RFLP) 
Gene amplification using gene cycler was performed by PCR with 5'-ATGCTGCCTTAGGGAGTGAG-3 'as the 
forward primer and 3'-ATGGACCGAGTTGTGAGGCA-5' as a reverse primer (derived from Spinaciaoleraceae, 
NCBI). The primers were designed by software oligo analyzer and oligo explorer based on sequence of PPO genes 
of Spinaciaoleraceae derived from Gene Bank NCBI with accession code: Z66559. PCR was performed by mixing 
100 ng of template DNA, 1 × PCR buffer, 1 unit of taq DNA polymerase, 50 mM dNTP, 3 mM MgCl2, and 5 mol 
primers. Denaturation  was  carried  out  at 94 °C for 3 min,  annealing at 54 °C for 2 min,  elongation  at 72 °C  for 
3 min, and extension at 72 °C for 10 min. PCR amplification was performed with 35 cycles. The result of PCR was 
verified by electrophoresis using 1.5 % agarose gel containing 0.45 mg · mL–1  EtBr (ethidium bromide). The results 
of electrophoresis were exposed to the UV-transiluminator and documented with a polaroid camera. 
2.4 Electrophoresis gel agarosa 1.2 % 
DNA derived from PCR was cut with EcoRI enzyme at G↓AATTC and with TaqI at AATTCG↓T↓CGA. Mixed 
solution of 15 PL was prepared by mixing 5 PL DNA plus 10 units’ enzyme buffer and 5 PL aquabidest (ddH2O). 
Mixed solution was incubated at 37 °C for 2 h. Running of DNA samples was done by 1.5 % agarose gel 
electrophoresis. DNA bands were observed by UV transluminator or Biorad. 
 
2.5 Quantification of betacyanin pigments 
Fresh leaf samples were frozen, then crushed and homogenized in mortar that had previously been stored at low 
temperatures. Pigments were extracted with the addition of 80 % methanol with a ratio of 20 mL · g–1. Furthermore, 
the solution was centrifuged at 3 000 rpm for 15 min. Supernatant was removed and separated from the pellet. 
Betacyanin of the supernatant absorbance was measured at a wavelength of 538 nm. Finally, betacyanin 
concentration was calculated by the Beer-Lambert formula A = H/C, A: sample absorbance, H: coefficient of molar 
extension, (betacyanin: 62 × 106 cm2 · mol–1 ). 
 
2.6 Isolation and sequencing of fragment 
The most informative band from each sample was cut out with a razor blade and incubated in 50.0 PL water at 
65 qC for 15 min and then left overnight at room temperature for elution. The reamplified products were checked on 
2.0 % agarose gel. Seven positive clones from each reaction were sequenced. 
2.7 Data analysis 
Cluster analysis of the seven populations based on the genetic distance matrix was performed with the UPGMA 
(unweighted pair group method with arithmetic mean) method12 using the SAHN function of the NTSYSpc version 
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2.02i to illustrate the relationship among populations. Tree Plot in Graphics was also used to draw a cluster analysis 
tree. 
3. Result and discussion 
3.1 Growth condition and morphology of Celosia variants 
Seven plants of Celosia were obtained from four locations (Table 1) at various elevations from 85 m until 722 m 
above sea-level (asl). It indicates that Celosia can grow in wide range areas. One of them was a wild plant (the 
plants were not deliberately planted) while the others were cultivated plants. Six variants had crested/cockscomb 
type of flower head (Fig. 1). The plumose type was the only one plant obtained with bright red flowers. Generally, 
the cockscomb types have red or violet with various forms of flower. Therefore, it is interesting to verify the genetic 
diversity among them based on PPO genes which have the main role in betalain biosynthesis. 
 
Table 1.Celosia variants collected in East Java 
No. Type/colour of flower head Growth condition Location Elevation (m asl) Region 
1-2 Cockscomb/violet Cultivated 08q20’ S 114q06’ E 243 Banyuwangi-1 
2-3 Plumose/bright red  Cultivated 08q18’ S 114q03’ E 307 Banyuwangi-2 
3-4 Cockscomb/violet Wild 08q18’ S 114q02’ E 291 Banyuwangi-3 
4-6 Cockscomb/red Cultivated 07q49’ S 111q57’ E 182 Kediri-1 
5-8 Cockscomb/red Cultivated 07q49’ S 111q56’ E 207 Kediri-2 
6-17 Cockscomb/red Cultivated 07q54’ S 112q33’ E 697 Batu 
7-26 Cockscomb/red Cultivated 07q55’ S 112q37’ E 509 Malang 
 
 
 
 
Fig. 1. Flower types of Celosia variants collected in East Java. (A) Banyuwangi-1 (BW-1); (B) Banyuwangi-2 (BW-2); 
 (C) Banyuwangi-3 (BW-3); (D) Kediri-1 (K-1); (E) Kediri-2 (K-2); (F) Batu (B); (G) Malang (M) 
 
3.2 Genetic relationship analysis of Celosia variants 
All samples of Celosia showed positive response in DNA amplification. All samples were either cultivated or 
wild plants generating amplified bands in size 100 bp (Fig. 2). Also, there was no different band related to different 
locations or elevations. 
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Fig. 2. Profile of electrophoresis PPO genes derived from PCR. Line 1: marker, line 2: BW-1,  
line 3: BW-2, line 4: BW-3, line 5: K-1,  line 6: K-2, line 7: B, line 8: M. 
 
To observe the diversity of PPO genes in all variants of Celosia the DNA was sequenced to determine the precise 
order of nucleotides within a DNA molecule. The result showed high variation in nucleotide number and 
composition from seven sequences of PPO genes (Fig. 3). The number of nucleotide ranged at 51–69. The plumose 
type had the highest nucleotide number while the lowest one was the cockscomb type with violet flower collected 
from Banyuwangi. Almost all sample sequences had nucleotide deletion in different lines except for sample 
collected from Malang (sample no. 26). Line 56 showed that six of seven sequences had the same deletions. The 
conserved nucleotides in at least six of the seven sequences were also observed (shaded area). 
 
 
 
Fig. 3. Sequences analysis of Celosia PPOs.Nucleotides conserved in at least six of the seven sequences are shaded 
 
The dendrogram, generated by UPGMA cluster analysis of the data produced by PCR-RFLP, grouped the 
populations into two major clusters (Fig. 4). Cluster I included the four plants derived from Kediri, Batu and Malang 
with latitude 07qS. Cluster II included three plants derived from Banyuwangi with latitude 08qS. The plumose type 
was in different clad with two other cockscomb types.  
  
 
Fig. 4. Phylogeny revealed by UPGMA cluster analysis of PCR-RFLP based on bands amplified in seven Celosia variants 
 
Molecular markers are useful for population genetic studies to assess the influence of various factors on genetic 
diversity and population structure13–15. PPO is encoded by a multiple16 or single17 gene family. These multiplicities 
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of genes, the different expression in different parts of the plant and at different stages of development are the 
important features which are being widely investigated into plant PPO. Besides the role in biosynthetic processes 
such as pigment biosynthesis the plant PPO also has many physiological and biochemical functions such as in 
browning reactions, resistance of plants to stress and pathogens, and defence against herbivores18. In this study the 
high variation of PPO genes was detected in some Celosia variants which produce betalain pigments. Based on 
DNA sequence analysis this variation of PPO genes did not clearly cluster the Celosia variants related to different 
habitats or different forms and colours of flower. The beautiful colour in flower or other vegetative parts are due to 
betalain pigments consisting of red-violet betacyanin and yellow-orange betaxanthin. The betacyanins are further 
divided into four sub-groups: amaranthine, betanin, gomphrenin and 2-descarboxy betanin; and the betaxanthins are 
divided into three sub-groups: amino acids-derived conjugate, amine-derived conjugate and semisynthetic structure. 
The composition of those betalain sub-groups in one plant is assumed to affect the colour of the product. Therefore 
to complete the diversity information which had been undertaken by molecular marker further study focusing on 
HPLC analysis of betalain content in each plant sample will be useful. 
4. Conclusion 
Some Celosia variants with different colours of flower showed high genetic diversity of PPO genes. Although 
DNA sequencing classified the variants into two clusters based on different latitude, this result must be verified by 
HPLC analysis of betalain pigments in each variant.  
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